In golden hamsters, the cheek pouches are evaginations of the oral cavity in the form of a double-walled epithelial cups (Chiasson, 1954; Gillette, 1957) . These paired, thin-walled, saclike, highly vascular, and distensible loose cutaneous structures stretch dorsocaudally along the lateral aspects of the mandible from the mouth over the shoulder regions ventral to the ears.
The Syrian golden hamster is used extensively in biomedical research. The cheek pouch offers unique features that make the hamster extremely useful in studies for vascular physiology, especially microcirculation studies and oncology (Boyer, Received 3 January 1989; accepted 23 November 1989 accepted 23 November 1948 . This site is also used for tissue response in microbiological, immunological or pathological studies (Clark, 1974) . Salley (1954) produced experimentally epidermoid carcinoma by using hamster oral mucous membrane tumour model, which was subsequently investigated by Morris (1961) and Shklar (1965, 1968 ). Billingham et al. (1960) and Billingham and Silvers (1964) claimed that the hamster cheek pouch was an immunologically privileged site, and Handler and Shepro (1968) and Barker and Billingham (1977) reported the non-existence of lymphatic drainage within the cheek pouch. On the other hand, Shklar (1966, 1967) and Shklar et al. (1%6) demonstrated that immunosuppressive substances enhanced carcinogenesis, disputing the assertation of cheek pouches being an immunologically privileged site. Woods (1969) and Giunta and Shklar (1971) reported that specific antilymphocyte serum augmented the tumour development by interfering with cell-mediated immune response. The purpose of this study is to describe the histomorphology of the cheek pouches of the golden hamster, emphasizing some structural basis to explain variable results accrued from experimental studies.
Materials and methods
The Syrian or golden hamsters (Mesocricetus auratus) used in this study were 50 days old and between 120-130 g body weight. They were raised commercially by Sasco (PO Box 66 D.T.S., Omaha, Nebraska, USA) and fed TEKLAD rodent diet ad-lib with ad-lib water. The hamsters were kept in polycarbonate plastic tubs with Aspen chips contact bedding. Bedding was changed twice a week and cages were sanitized every other week.
The hamsters were killed with an overdose of ether by placing them in a glass jar. For light microscopic study, tissues from cheek pouches were collected from 10 hamsters and were placed in 10070 buffered neutral formalin (BNF) solution for 24 h. Then the tissues were embedded in a compound of purified paraffin and plastic polymers (SURGIPA TH Tissue Infiltration Medium and Tissue Embedding Medium, Grayslake, Illinois, USA) following standard histologic techniques. Sections were cut at 5-8 JLm, stained with Harris' haematoxylin and eosin, and Masson's trichrome (after Luna, 1968) . Several sections from each block of tissue were examined under light microscope.
For electron microscopic study, fresh tissues from another four hamsters were collected from different regions of the pouch and were fixed in 2% glutaraldehyde solution. Tissues were excised and cut in I mm blocks and post-fixed in 1% OS04 (osmium tetroxide) in buffer, washed overnight in cold buffer, dehydrated in ascending grades of ethanol, and embedded in Epon. Ultrathin sections were cut and stained with uranyl acetate and lead citrate. The grids were examined and photographed under PhiIIips EM 400 and Hitachi HU 12A transmission electron microscopes.
Results
In empty and relaxed cheek pouches, the mucosa was thrown into primary and secondary folds and at places they appeared to coalesce. These folds would tend to disappear, however, when the pouches were full and stretched with stored food or other contents. The wall of the cheek pouch consisted of four distinct layers (Fig. I) . The lining epithelium was variably keratinized, stratified squamous type and was continuous with that of the oral vestibule. The lamina propria was made up of a very dense fibrous connective tissue layer with no discernible papillae extending into the epithelium. The tunica muscularis was composed of striated skeletal muscle with varied thickness, and this layer was, in turn, invested by a loose fibrous connective tissue layer. No lymphatic tissue, diffuse or nodular, was visible on the cheek pouch wall. At the fine structure level, the most superficial keratinized surface layer consisted of various profiles of bundles of intracellular, criss-crossing filaments separated by microspaces ( Fig. 2) . At certain places, a line of separation or desquamation (stratum disjunctum) was evident between tightly packed epithelial cells of the superficial layers (Fig. 3) . Some desmosomes (macula adherens) indicating attachment sites were visible. Dark profiles of rod and oval shaped bodies were discernible on the cell surfaces. A few dense granules of different forms and sizes were noticed dispersing between the filamentous structures of the stratum granulosum. The cells of the stratum spinosum were characterized by interdigitating pl::.smamembranes and desmosomal attachments with narrow intercellular spaces (Fig. 4) . Inside the cells, most of the cytoskeleton comprised fine filaments with some dense granular structures. A few membranous whorls associated with dense granular structures were present. The mitochondria were localized in the perinuclear region. The unfolded nuclear envelope was peripherally studded with dense nuclear chromatin. Process of keratinization and morphological evidence on initiation of cell death were visible in these cells. The underlying basal cells possessed round or oval nuclei resting on a basal lamina. An endoplasmic reticulum was seldom noticed in the basal cells, but the presence of micro filaments and mitochondria was frequently encountered. Occurrence of desmosomes was a common feature for all types of cells. The lamina propria consisted of dense irregular connective tissue and was delineated from the overlying epithelium by a dark staining basal lamina. This layer exhibited tightly packed, criss-crossing collagenous fibres intermingling with a few fibrocytes (Fig. 5) . No other cells of the lymphocytic origin were discernible between these collagenous bundles. Fine capillary spaces as well as blood capillaries were present between the fibres. 
Discussion
The compact lamina propria usually did not project into the epithelium in the form of vascular papillae except at the opening of the pouch, concordant with the observations of Fulton et 01. (1947) and Priddy and Brodie (1948) . No significant lymphocytic infiltrations of the fibrous tissue forming the core of the lamina propria were observed. Further, our findings are in accordance with those of Albright and Listgarten (1962) who reported that the pouch epithelium was practically devoid of rete pegs. On the other hand, GiJIette(J 957) described the presence of 90 circular epithelial pegs, each of them capping one to four connective tissue papillae, of the pouch epithelium. Boyer (1948) , Fulton et 01. (1947) , Priddy and Brodie (1948) , and Poor and Lutz (1958) mentioned the presence of many artery-artery and venous-venous anastomoses, but did not 231 encounter any arteriovenous anastomoses on the cheek pouch wall. By interrupting the arterial supply, Priddy and Brodie (1948) and Poor and Lutz (1958) failed to alter the growth rate of neoplastic biopsied tissue transplants. However, Lurie and Rippey (1978) and Lurie et 01. (1983) , by employing repeated low-dose irradiation of tumour-bearing cheek pouch or repeated application of DMBA, noticed capillary dilation and proliferation, altered blood volume and vascular proliferation. Sexual dimorphism in the immune response of the Syrian hamster has been reported (Blazkovec et 01., 1973; Orsini & Blazkovec, J 974) . As previously mentioned, no lymphatic tissue was observed on the wall of the cheek pouches, in agreement with the findings of Giunta et 01. (1985) , and according to these authors macrophages, present in the connective tissue layer or connective tissue forming the muscle septa, mediated the drainage of particulate matter to the mandibular lymph nodes. From these locations, the macrophages would, of course, remove any foreign particles, but we presumed that they would not possibly migrate through the compact lamina propria to accomplish it. Besides, the subepithelial tissue was so dense that lymphatic drainage would be practicaJly impossible. Shepro et 01. (1963) reported that antigens escape the cheek pouch wall and are distributed throughout the buccal connective tissue rather than directly draining into a regional lymph node. To elicit a host immune response to transplants, existence of a lymph drainage system would be a primary prerequisite, and the status of immunologically privileged site was attributed to the cheek pouches because of its absence from the wall. Controversy concerning the lymph drainage, however, exists in the literature as many techniques have so far failed to conclusively demonstrate its presence within the cheek pouch. Although many human tumours will grow here for long periods of time, facilitating the evaluation of response of the biopsied tissue to specific carcinostatic drugs. Further, we noticed very rarely any inflammatory reactions to foreign bodies, bacteria, etc., that were abundantly present in the folds of the cheek pouch.
Fine structure of the living epithelium did not indicate as to why the cheek pouch is immunologically a privileged site, being non-reactive to tissue grafts and antigens. Dense lamina propria might constitute, however, an impermeable anatomical barrier for non-recognition of foreign tissue grafts. Survival and growth of tissue grafts would depend on the availability of nourishing tissue fluids permeating to the superficial layers from capillaries of the lamina propria. Further, one should consider that high concentrations of epidermal growth factors are present in the saliva of male rodents and their production is increased by testosterone (Carpenter & Cohen, 1978; Martin, 1985) , which would come in contact with any grafted or biopsied tissues. This will, in turn, probably nourish them because interruption of vascular supply failed to modify their growth rates.
We speculated that because of the dense, compact nature of the lamina propria the motile cells of the lymphatic system (i.e. lymphocytes and blood leucocytes) will fail to infiltrate this barrier. This morphological feature could prevent to evoke a host immune response to any antigens or foreign bodies coming in contact with the grafted tissue. Therefore, it appears that the hamster cheek pouch ,:ould be an extremely useful si~e in a variety of experiments involving tissue grafts or biopsies, except oral cancer in man, because this characteristic anatomical feature is not present (Van Hoosier & McPherson, 1987) .
